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The Uptake of Nutrients by Katahdin 
Potatoes As Influenced by Soil Moisture 
Regimes and Rates of Fertilization 
Gurbachan Singh Kalra1 and Roland A. Struchtemeyer 
INTRODUCTION 
In Aroostook County, Maine, where the annual average rainfall is 
35-40 inches, it is generalized by many that moisture is not a limiting 
factor in potato production. Weather data for Aroostook do, however, 
show frequent periods of low rainfall during the growing season, and these 
periods do cause temporary moisture deficiencies in the crop. Struchte-
meyer, based on irrigation research in Maine, showed that the potato 
plant needs approximately 1 inch of water per week during the growing 
season. From the 1936 to 1955 Maine Weather Records, Pullen and 
Schrumpf (23) found that about 70 percent of the time, less than 1 inch 
per week of rainfall can be expected. Thus the use of supplemental irriga-
tion for high potato yields in Maine seems feasible. 
With the increased use of supplemental irrigation on potatoes, the 
presently recommended fertilizer application may be insufficient. The rate 
of fertilizer application should possibly be changed to accommodate the 
new man-made soil water regime. The interactions between the soil mois-
ture supply and various levels of fertilizer deserve investigation along with 
uptake of various nutrients by the potato plant at various stages of growth. 
Greenhouse studies were initiated at the University of Maine in 
Orono during the summers of 1969 and 1970 with the following objectives: 
1. To study the uptake of nutrients by the Katahdin variety of 
potato under three regimes of available soil moisture. 
2. To study the interaction between three regimes of available soil 
moisture and three rates offertilization. 
LITERATURE REVIEW 
The significance of water for the availability of nutrients to plant 
roots was conclusively demonstrated by Barber (4). He concluded that 
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water was the key to the three mechanisms which made nutrients available 
to plant roots. These mechanisms were: 1) root interception, 2) mass flow 
and 3) diffusion. The importance of each of these differed widely 
depending on the nutrient. Likewise, the level of soil moisture affected 
each of these mechanisms differently. Some effects of soil water on 
nutrient availability were readily apparent such as the failure of soluble 
side-dressed fertilizer to produce expected response until rainfall occurred 
or the soil was irrigated. It was obvious that regardless of how nearly 
optimal the level of mineral nutrients and the other growth factors were, 
growth was limited by the extent to which water was a limiting growth 
factor. 
Viets (33) was of the opinion that if low water suction increased 
growth, then almost invariably the total nutrient uptake was increased . If 
nutrient concentration dropped as plant growth was increased, then the 
nutrient availability had not kept pace with growth. Conversely, an in-
crease in nutrient concentration meant that nutrient availability bad 
increased more than growth. Both concentration and total uptake data 
are needed in making such interpretations. 
Jenne et al. (15) observed that where the growth of corn plants was 
limited by soil moisture, total nutrient uptake was also likely to be 
limited. The influence of decreasing soil moisture supply, however, was 
not necessarily of the same magnitude for growth as for ntltrient uptake. 
These authors found an increase in percentage of potassium, calcium and 
magnesium in the corn plant with a decrease in the available soil-moisture 
supply. Stoffer and Riper (28), working on sorghum, maintained the 
available soil moisture levels of 100, 75, SO and 25 percent. The nitrogen 
and phosphorus content of the small plants produced with a high soil 
moisture stress was higher than for the larger plants produced with low 
moisture stress. Large plants absorbed more total nitrogen and phos-
phorus than did small plants. 
Haddock (12) showed that in the case of sugarbeets, considerable 
improvement in nitrate nitrogen content of beet petioles was obtained 
under conditions where the soil moisture tension remained high. This may 
have been caused by the accumulation of nitrogen in the plant when plant 
growth was restricted by lack of available soil moisture and when there 
was little demand by the plant for soil nitrogen. Thomas et al. (31) found a 
trend toward a higher amount of nitrogen, and a lower amount of phos-
phorus and potassium in tomato foliage under unirrigated than under 
irrigated conditions. In an earlier experiment (30) they found a decrease in 
nitrogen content in beans with irrigation. The decrease in nitrogen was 
most pronounced at the higher application rate of fertilizer. The content 
of phosphorus and potassium increased under irrigation whereas the 
content of calcium and magnesium decreased with irrigation. 
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Hernando et al. (13) from a review of the literature concluded that the 
nitrogen content of a plant increased and phosphorus content decreased 
with an increase in soil moisture tension. No clear tendencies were 
reported, however, for variation in the calcium, potassium and mag-
nesium content. Thus, it appeared that when the growth of the plant was 
limited by soil moisture supply, nitrogen tended to accumulate within the 
plant. 
Cannell et al. (7) concluded that for a known level of fertility, nitrogen 
was accumulated in the plant tissue with decreasing soil moisture whereas 
potassium content decreased. The results with phosphorus, calcium and 
magnesium were variable. The micro-elements iron, manganese, copper 
and zinc consistently increased with decreasing soil moisture. These 
authors were of the opinion that variations found in the concentration of 
various mineral nutrients under different soil moisture conditions may 
have been caused by several factors or an interaction of factors. Among 
those commonly mentioned were soil differences, climatic effects, species 
of plant, and variety within a species. 
An interesting finding was that of Wimmer et al. (35). In their studies 
of the nutrient content of two varieties of sugarbeets at different soil 
moisture levels, they reported that one variety showed the conventional 
decrease in potassium content with decreasing moisture supply, whereas 
the other variety showed the reverse trend under the same conditions. This 
might have been a case of specificity in ionic entry between two varieties of 
a given crop. 
Motes and Greig (19) in an experiment on potatoes involving three 
varieties (Anoka, Kennebec, and Irish Cobbler) and three soil moisture 
regimes (113 available water, 2/3 available water and nonirrigated) found 
that tubers from plots receiving no irrigation contained the highest levels 
of zinc, manganese and copper and that the iron content was generally 
lowest in tubers from plots with the highest moisture level. The zinc and 
copper content was lowest in Irish Cobbler and manganese content 
high~t in Anoka. Differences in iron content were not significant among 
varieties. 
There is a tendency for the entry of calcium and potassium into 
plants to vary reciprocally because a given clay has different bonding 
energies for different cations according to their valency. It could be 
inferred , therefore, that the characteristically low potassium content of 
plants with inadequate soil moisture supply would be accompanied by a 
relatively high content of calcium. Cannell et al. (7) found leaf concentra-
tion of calcium in celery to increase with an increase in moisture stress . 
Miller and Duley (20) and Janes (16) found no effect of soil moisture 
supply on calcium content of the plants they studied. It, therefore, appears 
that the status of other constituents in the soil has a modulating effect on 
calcium availability under varying soil moisture content. 
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Tree species have been studied relative to the effect of water and/or 
fertilizer on nutrient uptake. Schomaker (25) reported that the mean con-
centration of nitrogen, phosphorus and potassium in needles of white pine 
seedling increased significantly with increased moisture stress. Hosner et 
al. (14) noted that the nitrogen and phosphorus concentration in certain 
hardwood species increased under soil moisture stress. However, the total 
quantity of nutrients taken up decreased due to small seedling size. Koo et 
al. (18) found that the nitrogen content of leaves from lemon trees varied 
directly with rate of nitrogen application. Nitrogen decreased the phos-
phorus concentration but increased magnesium. Potassium additions 
decreased the concentration of calcium and magnesium. 
Bert and Houma (S) reported that lettuce took up more phosphorus, 
sodium, and aluminum at 2 bars moisture tension than at 0.2 bar. More 
potassium was taken up at 0.2 than at 2.0 bars. 
Baerug and Steenburg (3) noted that soil and fertilizer phosphorus 
uptake by potatoes was greatly reduced with dry growing conditions. 
Sanders et al. (24) found that irrigation had no influence on the nitrogen 
and phosphorus content of potato leaves. Augustin et al. (2) recorded 
higher nitrate nitrogen levels in peeled tubers when the soil moisture level 
was low. 
EXPERIMENTAL PROCEDURES 
The studies reported here were conducted with Katahdin potato 
plants grown in the greenhouse in three separate experiments using iden-
tical fertilizer and soil moisture treatments, but varying the days of 
growth. 
Experiment 1 was planted on June 12, 1969 and the plants were har-
vested 35 days after emergence. Experiment 2 was planted on August 22, 
1969 and was harvested 75 days after emergence. Experiment 3 was 
planted on June 15, 1970 and was harvested 110 days after emergence. 
A forested Caribou soil was obtained from Aroostook Farm in 
Presque Isle, Maine. The soil is classified as a fine loamy, mixed, frigid 
Alfie Haphorthod. The soil has been described in the Soil Survey, Aroos-
took County, Maine, Southern part (26). 
After the soil was sieved through a 2 mm screen the following chemi-
cal properties were measured: pH, cation exchange capacity, percent base 
saturation and available phosphorus. 
The pH of the soil was obtained in a 1:1 soil-water suspension using 
an Orion 701 pH meter. 
Exchangeable calcium, magnesium, potassium and sodium were 
extracted with a 1.0 N ammonium acetate solution buffered at pH 7.0 as 
recommended by Chapman (10). Calcium and magnesium were measured 
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by atomic absorption spectrophotometry. Potassium and sodium were 
determined by the flame emission method. 
Cation exchange capacity was determined using 1.0 N sodium acetate 
buffered at a pH of 8.2 as outlined by Chapman (10). 
Percent base saturation was estimated from the sum of the amount 
of calcium, magnesium, potassium and sodium present and the cation 
exchange capacity data. 
Available phosphorus was determined by the "quick method" used in 
the Maine Soil Testing Laboratory at Orono. 
The results for these analyses were as follows: pH. = 5.9; cation 
exchange capacity = 18.4 m.e. per 100 grams of dry soil; percent base 
saturation = 60.5; and available phosphorus = 5 ppm. For each experi-
ment the percentage of moisture in the soil at various tensions was deter-
mined by the pressure plate apparatus as suggested in the Soil Survey 
Investigation Report No. 1 (27). 










Percent moisture on oven dry basis 
Experiment 1 Experiment 2 Experiment 3 
36.0 35.0 36.1 
32.6 33.7 33.0 
30.6 29.8 30.7 
30.2 27.4 29.2 
22.9 20.3 20.7 
19.8 13.8 17.9 
15.8 13.3 15.6 
When the experiments were being set up, an equal amount of soil was 
placed in 5 liter plastic pots. As the pots were being filled with soil, one 
dozen composite soil samples were taken and moisture content was deter-
mined on oven dry weight basis. This was done to determine the amount of 
oven dried soil that was put in each pot so that moisture content could be 
maintained by weighing the pot during the experiment. 
Prior to planting, the soil in each pot was fertilized with a commer-
cial, mixed fertilizer according to the treatment assigned to each pot. 
Three fertilizer rates, equivalent to 0, 150 and 300 pounds nitrogen per 
acre in a 2-3-3 ratio were used . Sprouted tubers of approximately the 
same weight were planted about 6 inches deep in each pot. 
In the subsequent pages FO refers to the plants that received no ferti-
lizer, while F1 received 150 lbs. N plus 225 lbs. P20 5 plus 255 lbs. K20 per 
acre, and F2 received 300 lbs. nitrogen plus 450 lbs. P20 5 plus 450 lbs. 
K20 per acre. The soil was maintained at a uniform temperature of 68"F 
by placing the pots, to soil level, in water tanks where the temperature was 
automatically controlled . 
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The moisture treatments used in all three ofthe experiments were 30, 
SO and 70 percent depletion (designated as M30, MS9, and M70) of the 
available soil moisture range as indicated by the difference between field 
capacity and permanent wilting percentage. After emergence ofthe potato 
plants, the soil in each pot was moistened to field capacity. The plants 
were then allowed to deplete the soil water down to the respective levels. 
When the predetermined depletions of moisture occurred, the soil mois-
ture content was restored to field capacity by adding the required quantity 
of water by weight. The quantity of water added for each moisture treat-
ment was based on the dry weight of the soil. 
It was expected that there would be a variation in the growth as a 
result of the moisture and fertilizer treatments. Therefore, the weight of 
the plant in each experimental unit was excluded when weighing the pot 
for each moisture treatment. A rapid non-destructive method for deter-
mining the leaf area as described by Epstein and Robinson (11) was used 
for this purpose. From the leaf area the fresh weight of the plant was cal-
culated as proposed by Epstein3 • In order to avoid variation in the number 
of shoots emerging from the planted tubers, it was decided to keep only 
one shoot. The rest were clipped off as they emerged. 
Each experimental unit was replicated seven times using a completely 
randomized block design. At the end of each experiment, the tops, roots, 
rhizomes and tubers were separated and rinsed with distilled water. The 
fresh weights and the dry weights of the various parts were recorded. 
Dried tissue of plant parts, i.e. roots and shoots only in the first 
experiment and roots, shoots and tubers in the other two experiments, 
were ground separately in a Wiley mill to pass a 20-mesh screen. The 
tissue samples were analyzed for total nitrogen, phosphorus, potassium, 
calcium, magnesium, and manganese. Nitrogen was determined by the 
macro Kjeldahl method, phosphorus was determined by the modified 
Truog method using molybdenum blue reagent as described by Peech et 
al. (22), potassium was determined by flame photometry, calcium, magne-
sium and manganese were determined by the. atomic absorption spectro-
photometer. All data were subject to analysis of variance by the University 
of Maine Computer Center using Anova. 
RESULTS 
Morphological Response of Plants to Moisture and Fertilizer Treatments. 
Fresh Weight 
Three phases can be recognized in the growth of the potato plant: 1) 
pre-emergence, which involves the establishment of roots and leaf surfaces 
3 Epstein, E. Unpublished data; U.S.D.A., University of Maine, Orono, Maine. 
LSA ExPERIMENT STATION BI.ILLEfiN 753 7 
from materials stored within the mother tuber; 2) top growth and 3) tuber 
growth, a stage closely interrelated and overlapping with top growth. To 
understand the reasons for variations in the yield of tubers, it is essential 
to know how the fresh weight of different plant parts is affected by various 
moisture and fertilizer treatments. In this study the fresh weight of dif-
ferent parts of the potato plant was significantly affected by the soil-mois-
ture regimes and rates of fertilization. Their interaction on the fresh 
weight of different parts of the potato plant during three experimental 
periods is summarized in Tables 1, 2 and 3 respectively. 
SOIL MOISTURE REGIMES. Data in Table 1 show that the lowest soil mois-
ture stress M30 resulted in the production of significantly higher fresh 
weight of tops than either MSO or M70 soil moisture stress in the first two 
growth periods, 35 and 75 days respectively. In the third experiment which 
ran for 110 days after plant emergence, the fresh weight produced with 
M30 was statistically the same as that produced with MSO while both of 
these soil-moisture regimes produced significantly greater fresh weight of 
tops than M70. 
The fresh weight of roots produced by the various treatments failed to 
show any consistent pattern. The fresh weights of tubers produced with 
soil moisture M30 in the last two experiments however were significantly 
greater than the medium MSO or highest soil moisture stress M70. These 
results support the fact that water is not equally available to the potato 
plant throughout the available soil moisture range. 
RATES OF FERTILIZATION. The yield of tops, roots, and tubers under dif-
ferent rates of fertilization is given in Table 2. At the end of all three ex-
periments, the yield of tops increased significantly with each increase in 
fertilizer rate. The fresh weights of roots produced with Fl and F2 rates of 
fertilizer however were significantly greater than FO fertilizer rate but 
there were no significant differences between Fl and F4. 
The yield of tubers produced with the medium rate of fertilizer Fl 
was significantly more than that produced by either the FO or F2 rates of 
fertilizer when harvested at 35 and 110 days only. The F2 rate of fertilizer 
appeared to encourage top growth at the expense of tuber formation, 
while with the FO rate of fertilizer the yield of tubers was reduced due to 
poor top growth. 
INTERACTION BETWEEN SOIL MOISTURE REGIMES AND RATES OF 
FERTILIZATION. The combined impact of moisture and fertilizer treat-
ments had a significant effect on the fresh weight of tops as shown in 
Table 3. The highest rate of fertilizer (F2) with limited water supply (M70) 
failed to show a response in top growth. The same was true with the lowest 
soil moisture stress (M30) without fertilizer. An almost identical trend was 
observed in the case of root weight. The weight of roots increased with 
medium and high rates offertilization in combination with M30 and M50 
soil moisture regimes. 
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The yield of tubers was significantly affected by the interaction of 
moisture and fertilizer in the first and last experiment. In the first experi-
ment, the yields with Fl M30 and Fl MSO were significantly superior to F2 
M30 and the other treatment combinations. This was due to the fact that 
with the medium fertilizer level and sufficient moisture (M30 and M50), 
tuber formation was encouraged. In the last experiment however, the yield 
of tubers with Fl M30 and F2 M30 treatment combinations was statis-
tically the same but significantly greater than the other treatmenl 
combinations. 
Dry Weight and Its Distribution in Different Parts of the Potato Plant 
SOIL MOISTURE REGIMES. The dry weight data as affected by different 
soil-moisture regimes are given in Table 4. The lowest soil moisture stress 
(M30) produced, significantly, the highest total dry weight when compared 
to MSO and M70. The differences between MSO and M70 were also sig-
nificant at the end of each experiment. The amount of dry weight in the 
roots and tubers as affected by the soil moisture regimes followed the same 
trend as was observed in the case of fresh weight. 
RATES OF FERTILIZER. The dry weight of tops increased significantly 
with every increase in the level of fertilizer in all three of the experiments. 
The dry weight of roots and tubers did not show any consistent trend 
(Table 5). At 35 days and 110 days there were significant differences in 
total dry matter between Fl and F2, Fl and FO, and F2 and FO. 
INTERACTION BETWEEN SOIL MOISTURE REGIMES AND RATES OF 
FERTILIZATION. In the first experiment, significantly greater total dry 
weight was produced by Fl M30 and F2 ;M30. It was further noted that 
with M70 soil moisture regime, FO fertilizer rate produced statistically the 
same amount of dry weight as was produced by Fl and F2. This showed 
that fertilizer will produce more dry matter only when readily available 
soil moisture is assured . In the last experiment the significantly highest 
total dry matter was produced with F2 M30 and Fl M30, the differences 
between these two treatments were not significant. It is further noted 
from Table 6 that dry matter produced with FO M30 was equal to that 
produced by F2 MSO. Also that the total dry matter yield for F2 MSO was 
the same as that for Fl M70. This means that at the soil moisture regime 
of MSO, moisture became a limiting factor with the application of the 
highest rate of fertilizer . Similarly, the dry matter yields produced by the 
M70 soil moisture regime at 110 days with FO, Fl, and F2 rate offertilizer 
were the same which means that under limited moisture supply, the appli-
cation offertilizer failed to influence the production of dry weight. 
Pbysiol~gical Response of Plants 
Nitrogen concentration, uptake, and distribution in different plant parts. 
SOIL MOISTURE REGIMES. The percentage of nitrogen in the tops at the 
end of 35 and 75 days was not affected by the soil moisture regimes (Table 
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7). At the end of 110 days however, the highest percentage of nitrogen was 
recorded for the highest soil moisture stress (M70). The same trend was 
observed with respect to other plant parts. This proves that when the 
growth of the plant was significantly limited by soil moisture content, 
nitrogen accumulated within the plant (Table 7). 
The percent nitrogen in different parts of the plant is misleading if it 
is used as the sole index of the amount of nitrogen available to the plant. 
When the total nitrogen uptake by the plant and its distribution in dif-
ferent parts are considered a different situation developed as shown in 
Table 8. The increasing soil moisture stress decreased the total uptake of 
nitrogen by the plant. The amount of nitrogen in individual plant parts 
was also reflected by the amount of dry matter each part accumulated. 
RATES OF FERTILIZATION. As shown in Table 9 at the end of each experi-
ment the percentage of nitrogen in the tops was significantly higher for F2 
than for Fl and PO. The concentration of nitrogen in the roots was not 
consistent. At the end of 110 days the F2 rate offertilizer produced tubers 
with the highest concentration of nitrogen when compared to Fl and PO; 
the difference between F2 and PO was also significant. 
In spite o(_ the differences in the amount of nitrogen from plant part 
to plant part, the total uptake of nitrogen by the potato plant increased 
significantly with increasing rates of fertilizer as is evident from Table 10. 
lNTERACfiON BEfWEEN SOIL MOISTURE REGIMES AND RATES OF 
FERT~LIZATION. From the data in Table 11, the significant interaction 
clearly indicated that the F2 rate of fertilization with highest soil moisture 
stress (M70) increased the percentage of nitrogen in tops due to less dry 
matter production. 
The total uptake of nitrogen was significantly greater with the treat-
ment combination of F2 M30 which was significantly higher than F2 MSO 
and F2 M70 at the end of 35 and 110 days (Table 12). With the medium 
rate of fertilization (Fl) the difference in uptake of nitrogen by the plants 
growfi with soil moisture regimes M30 and · MSO was not significant 
but both were significantly different from that of the plants grown with 
the highest soil moisture stress (M70) at the end of 110 days. These 
differences disappeared with the PO treatment. From these findings two 
conclusions can be drawn. With the application of F2 rate of fertilization, 
the maximum uptake of nitrogen is ensured when the plants are grown in 
a soil whose available water content does not go beyond 30 percent 
depletion. Secondly, when the rate of fertilization is reduced from F2 to 
Fl, then the need for water is also reduced. 
Phosphorus concentration, uptake, and distribution in different plant 
parts. 
The procedure used for the determination of phosphorus could not 
detect phosphorus in root tissue at the end of 75 days and in tissue of any 
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plant part at the end of 110 days. Therefore, the data presented here are 
for the 35 and 75 day experiments. 
SOIL MOISTURE REGIMES. The percentage of phosphorus in tops and 
roots for the M30 treatment was significantly higher than for treatments 
MSO and M70; the difference between the latter two was also significant 
at the end of 35 days (Table 13). At the end of 75 days, however, there was 
no consistent trend for percent phosphorus, but the amount of phos-
phorus in the tops decreased significantly wit~ increasing soil moisture 
stress as is evident from Table 14. The total uptake of phosphorus was 
signjficantly greater with M30 than with MSO or M70. The same trend was 
observed at the end of 75 days. 
RATES OF FERTILIZATION. It is clear from Table 15 that at the end of 
35 days the F1 rate of fertilization resulted in a higher concentration of 
phosphorus in the tops as compared to FO and F2, which were the same. 
In the roots, however, a reverse trend was recorded where increasing rates 
of fertilization significantly increased the percentage of phosphorus. It 
was also observed by McLean (21) that the percentage of phosphorus was 
generally depressed in many crops with increased levels of nitrogen. When 
the total amount of phosphorus taken up by the plant .is taken into con-
sideration, it is seen that at the end of 75 days, the F2 rate of fertilization 
resulted in a significantly greater amount of phosphorus than that 
resulting from either the F1 or the FO rate (Table 16). 
INTERACTION BETWEEN SOIL MOISTURE REGIMES AND RATES OF 
FERTILIZATION. In Table 17, it appears that at the end of 35 days, soil 
moisture stress decreased the percentage of phosphorus in the tops only 
when the rates of FO and F1 were used. The effect of interaction on the 
total uptake of phosphorus and its distribution in different parts of the 
plant were found to be non-significant as is seen from Table 18. 
Potassium Concentration, Uptake, and Its Distribution in Different Plant 
Parts. 
SOIL MOISTURE REGIMES. It is seen from Table 19 that at the end of 35 
and 110 days soil moisture stress increased the percentage of potassium in 
the tops. In the roots, at the end of 75 and 110 days, M70 was found to be 
responsible for significantly higher potassium percentage than M30 and 
MSO. The tubers produced with M30 at the end of 75 days and with M70 
at the end of 110 days contained the highest percentages of potassium. 
From Table 20 it appears that the total uptake of potassium by the 
potato plant was decreased with an increase in moisture tension at 35 and 
75days. 
RATES OF FERTILIZATION. From the data in Table 21 it is evident that at 
the end of each experiment, increasing the rate of fertilization increased 
the concentration of potassium in the tops. In the roots and tubers, the F2 
rate of fertilization was responsible for significantly higher percentages of 
LSA ExPERIMENT SrATION BULLETIN 753 11 
potassium than Fl and FO at the end of 75 and 110 days. The total of 
potassium uptake by the plant at the end of each experiment increased 
significantly with increased rates offertilization (Table 22). 
INTERACI'ION BETWEEN SOIL MOISTURE REGIMES AND RATES OF 
FERTILIZATION. It is evident from Table 23 that at the end of 35, 75 and 
110 days the potassium percentage decreased in the tops due to limited 
plant growth produced by a lack offertilizer (FO). In roots, the treatment 
combination of F2 M70 produced roots with a significantly higher per-
centage of potassium than F2 MSO and F2 M30 treatment combinations. 
When the amount of potassium taken up by the plant is taken into con-
sideration, however, it is evident from Table 24 that a significantly greater 
amount of total potassium was taken up by plants grown under the F2 
M30 treatment than with any other combination at 35 days and was equal 
to F2 MSO at 110 days. 
Calcium concentration, uptake, and its distribution in different plant 
parts. 
Calcium is not generally considered in fertilizer formulation for 
potatoes. Calcium however is an essential element for plant growth. Its 
concentration in the plant is affected by other cations such as potassium 
as was demonstrated in this study. 
SOIL MOISTURE REGIMES. It is apparent in Table 25 that at the end of 
75 and 110 days, the calcium percentage in tops was reduced with increase 
in soil moisture stress with the exception that at the end of 110 days no 
significant differences were noted between M30 and MSO soil moisture 
regimes. The percentage calcium in the roots did not vary due to different 
soil moisture regimes at the end of 75 and 110 days. It is further evident 
from the data in Table 25, that at the end of 35 days, the percentage of 
calcium was highest in the tops and roots, at the end of 75 days it dropped 
down and then again increased at the end of 110 days. This trend is just 
the reverse of what was found in the case of potassium. The period, 75 
days, during which the higher percentage of potassium was reported in 
Table 20 corresponds with the period of lowest calcium content in the tops 
and roots. With a decrease in potassium content at 110 days, the calcium 
content was enhanced again. From these data it appears that there existed 
a mutual replacement of these two basic elements in plants. Allaway and 
Pierre (1) and later Stanford et al. (29) in their studies with corn concluded 
that the poor growth of corn was due largely to' failure of the plant to 
absorb adequate amounts of potassium because of an unfavorable balance 
between cations within the plant as well as in the soil. The application of 
potassium to the soil permitted the plants to utilize more potassium which 
decreased the absorption of calcium and magnesium per unit weight of 
plant. It is further seen from Table 25 that the tubers have a very small 
percentage of calcium irrespective of its concentration in the tops. This is 
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probably due to the fact that calcium being non-mobile is fixed in the 
tissue as a cell wall material and thus is translocated with difficulty to the 
tubers. 
In Table 26 it becomes clear that at the end of each experiment, the 
increasing soil moisture stress reduced the total uptake of calcium by the 
plant which is due to differences in the growth of the plant as related to 
soil moisture regimes. 
RATES OF FERTILIZATION. The medium rate of fertilization (F1) sig-
nificantly increased the percentage of calcium in tops over that with the 
FO and F2 rates of fertilization (Table 27). The reason for the lower co!l-
centration of calcium under F2 can be explained by the fact that with this 
rate the potassium content in the root environment also increased. This 
could have inhibited calcium uptake. These results are in confirmation 
with Jackson and Thomas (17) who, in the sweet potato, found a decrease 
in calcium content with an increase in potassium supply. The reason for 
the calcium percentage wi~h the F2 and FO rate being the same can be 
explained by the fact that the F2 rate offertilization also carried with it an 
increased supply of magnesium in the form of dolomitic limestone. 
Magnesium might have competed with calcium for absorption. Cain (9) 
reported that calcium and magnesium concentration in the foliage of 
apple trees was decreased with an increasing potassium supply in the sub-
strate. Calcium was decreased in the stem but the magnesium was not 
changed. He pointed out that effectiveness of any one cation in reducing 
the concentration of other cations in the plant tissue may depend mostly 
on its mobility or relative rate of movement within the plant. Potassium is 
more mobile than calcium and magnesium. Magnesium is more mobile 
than calcium. 
It is apparent from the data presented in Table 27 that in the case of 
roots, the FO rate of fertilization resulted in a significant increase in the 
concentration of calcium over the Fl and F2 rates at the end of 35 and 110 
days. This is due to the fact that the potassium content around the roots 
was increased by the addition of fertilizer rates F1 and F2. It might have 
provided more competition to calcium for exchange sites on plant roots 
and thus decreased its concentration. On the other hand there was no such 
competition with FO. 
In tubers, the increasing rate offertilization increased the percentage 
of calcium in tubers at the end of 75 and 110 days. 
Since the dry weight of the plant was affected by different rates of 
fertilization, the amount of calcium taken up by the plant was changed 
accordingly. Thus it is seen in Table 28 that at the end of each experiment 
the F1 and F2 rates of fertilization increased the total uptake of calcium 
by the plant more than did the FO rate. 
INTERACTION BETWEEN SOIL-MOISTURE REGIMES AND RATES OF 
FERTILIZATION. The data in Table 29 show that the F1 rate of fertili-
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zation with 30 and SO percent depletion of available soil moisture resulted 
in the high concentration of calcium in the tops which turned out to be 
significantly higher than any of the treatment combinations at 110 days. 
It is apparent from Table 30 that trends are difficult to establish 
between moisture stress, fertilizer rates and the total uptake of calcium by 
potato plants. 
Magnesium Concentration, Uptake, and Its Distribution in Different 
Plant Parts. 
SOIL-MOISTURE REGIMES. From Table 31 it is clear that there was no 
definite trend in the concentration of magnesium in the tops and roots. In 
tubers, however, the soil moisture regime M30 was found to be responsible 
for reduced concentration of magnesium in the tubers as compared to 
MSO and M70; the difference between the latter two was non-significant. 
It is further evident that after 75 days there was a reduction in the 
magnesium content in tops and roots, the period which corresponded to 
the period of increase in potassium. At the end of 110 days there was an 
increase of magnesium in the tops- the period which corresponded with 
the decrease in potassium content. 
In spite of variability in the concentration of magnesium in different 
plant parts, it is clear from Table 32 that at the end of 35 and 110 days, the 
total uptake of magnesium by the plant decreased with every increase in 
soil moisture stress. 
RATES OF FERTILIZATION. It is shown in Table 33 that the medium rate 
of fertilization significantly increased the percentage of magnesium in the 
tops at the end of each experimental period which means that the applica-
tion of the highest rate of fertilizer (F2) had a depressing effect on the per-
centage of magnesium in the tops. At the end of each experiment the roots 
under F2 and Fl rates of fertilization had the same percentage of mag-
nesium. This indicates two things; first, the F2 rate of fertilization 
depressed the transfer of magnesium from roots to the tops. Second, the 
magt'lesium in the F2 rate of fertilization was no better than the Fl rate in 
increasing the concentration of magnesium in the tops. Walsh and 
Donohoe (34) in a study found that the application of 500 lbs. of potas-
sium sulphate per acre to a soil which contained a relatively high amount 
of "available" potassium resulted in depression of magnesium uptake 
sufficient to induce magnesium deficiency in the potato plants. They 
indicated that the magnesium deficiency was due to interference by potas-
sium with magnesium uptake. 
When the uptake of magnesium in terms of total amount is con-
sidered, it is evident from Table 34 that the F2 rate of fertilization is 
responsible for significantly higher uptake of total magnesium by the 
plant as compared to Fl and FO rate at the end of 35 and 75 days. At the 
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end of 110 days, the amount of magnesium taken up by the plant with the 
F2 or the Fl rate of fertilization was the same. 
INTERACTION BETWEEN SOIL MOISTURE REGIMES AND RATES OF 
FERTILIZATION. At the end of 35 days when the interaction effect was 
found to be significant, it is evident from Table 35 that the percentage of 
magnesium in tops under F2 M30 was equal to the percentage under FO 
M30, Fl M30 and Fl MSO. Since doubling the amount of magnesium 
from Fl to F2 also doubled the amount of potassium, the increased rate 
of potassium depressed the concentration of magnesium in the tops equal 
to what was found with FO or Fl rates of fertilization. Further, the per-
centage of magnesium under F2 M30, FO MSO, F2 MSO, Fl M70 and F2 
M70 was the same. This further indicates that even if the moisture in the 
soil is sufficient (M30) the magnesium percentage in tops is reduced if 
there is strong competition by the potassium due to an increased rate of 
fertilization (F2). 
In roots, the highest percentage of magnesium was recorded with 
treatment combinations F2 M30 and Fl MSO at the end of 35 and 75 days 
respectively. 
In spite of variable interaction effects on the percentage of mag-
nesium at the end of different experiments, it is evident from Table 36 that 
plants grown with least soil moisture stress (M30) and highest rate of 
fertilizer (F2) took up significantly greater amounts of magnesium at the 
endof3Sdays. 
Manganese Concentration, Uptake, and Its Distribution in Different 
Plant Parts. 
SoiL MOISTURE REGIMES. It is seen from Table 37 that no definite and 
consistent trend in the concentration of manganese in the tops was 
observed due to soil moisture regimes. In roots, the concentration of 
manganese at the end of 35 and 110 days was significantly less under M70 
than under M30 or MSO soil moisture regimes. The differences between 
M30 and MSO were significant and non-significant at the end of 35 and 
110 days respectively. 
In tubers, the concentration of manganese increased significantly 
with increase in the soil moisture stress at the end of 110 days. These 
results are in confirmation with the results obtained by Motes and Greig 
(19) who indicated that tubers from plots receiving no irrigation contained 
the highest levels of manganese, zinc, and copper. 
As far as the total manganese taken up by the plant is concerned, it 
is evident in Table 38 that the soil moisture regime of M30 resulted in a 
significantly greater amount of manganese than that found with MSO or 
M70 at the end of each experiment. 
RATES OF FERTILIZATION. Increasing rates of fertilization increased the 
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concentration of manganese in tops and roots at the end of each experi-
ment (Table 39). Tubers showed the same trend with the exception that at 
the end of 75 days no significant difference in the concentration of 
manganese under FO or F1 rates nf fertilization was observed. Almost the 
same trend was observed with respect to total amount of manganese 
absorbed and its distribution in different organs of the plant as is evident 
from Table 41. 
lNTERACflON BETWEEN SOIL MOISTURE AND RATE OF FERTILIZATION. 
It is seen from Table 40 that the greatest concentration of manganese in 
the roots was recorded for treatment combinations of F2 M30 and F2 MSO 
which were the same at the end of the last two experiments and signifi-
cantly different at the end of 35 days. Both of the treatment combinations, 
however, had a greater concentration of manganese than F2 M70. Thus, 
low soil moisture stress with F2 rate of fertilization increased the con-
centration of manganese in the roots. In tubers, the trend was just the 
reverse at the end of 110 days. The highest rate of fertilization in com-
bination with highest soil moisture stress increased the concentration of 
manganese in tubers as compared to treatment combinations F2 M50 and 
F2M30. 
In Table 41 there is a consistent trend of more manganese in the 
potato plant as the fertilizer rate increased. 
On account of differences in the growth of the potato plant and thus 
dry matter production, it is seen from Table 42 that the total uptake of 
manganese was significantly greater under treatment combinations of F2 
M30 followed by F2 M50 at the end of 35 days. 
DISCUSSION 
Veihmeyer and Hendrickson (32) argued that soil water was equally 
available to the plant from field capacity to permanent wilting. Therefore, 
the assumption has often been made that plant growth is unaffected by 
the soil-moisture stress until the permanent wilting percentage is attained. 
Since constant water content and suction can be maintained by sub-
irrigation or some system of auto-irrigation only at lqw suction where the 
hydraulic conductivity is high, the best that can be done in studying 
plant reaction to variation in soil water suction is to compare one suction 
or water content regime against another; for example extraction to 1 bar 
vs. 10 bars or 25 percent vs. 75 percent available water depletion. Such 
experiments are_ difficult to interpret; but are useful. One of the com-
plexities is that rapid nutrient absorption and thus growth immediately 
after watering may completely obscure slower nutrient absorption and 
growth when the suction is high. Another complexity of moisture regime 
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experiments is that plants grown with lower average suction generally 
produce greater growth. 
If low soil moisture stress increases growth, then almost invariably 
the total nutrient uptake is increased. If nutrient concentration (percen-
tage of dry weight or ppm) drops as plant growth is increased, then cer-
tainly nutrient availability has not kept pace with growth. Conversely, an 
increase in nutrient concentration means that nutrient availability has 
increased more than growth. Both concentration and total uptake data 
are needed in making these interpretations. 
In view of what has been said, it is evident from these studies that the 
depression of growth (fresh weight) developed gradually at a point high in 
the available range of water supply. Similarly the dry weight ofthe potato 
plant also decreased s~eadily with a decrease in soil moisture supply. This 
decrease was accentuated toward the lower end of the readily available 
moisture range. This indicated the possibility of greater photosynthetic 
activity or a lower respiration rate and greater food translocation within 
the plant with an increase in soil moisture supply. 
The influence of decreasing soil moisture supply was not necessarily 
of the same magnitude for nutrient elements concentration as for growth. 
A considerable increase in nitrogen content in all parts of potato plant at 
the end of 110 days was observed when the soil moisture tension remained 
high. This might have been due to the accumulation of nitrogen in the 
plant on account of restricted growth. 
A trend toward a relatively higher concentration of potassium in tops 
and roots was found with the highest soil moisture stress (M70). Since 
potassium was essential for carbohydrate synthesis, the plant grown at 
highest soil moisture stress (M70) appeared to be photosynthetically 
inactive. It is therefore, hypothesized that this might have caused the 
higher concentration of potassium in the plant. There was a trend for the 
entry of calcium and potassium into the plant to vary reciprocally. It could 
be inferred that high concentration of potassium in the plant at highest 
soil moisture stress might be accompanied by a relatively low concen-
tration of calcium. This was observed in these studies. 
No definite trend in the concentration of magnesium was noted in 
tops and roots. 
The concentration of manganese in tubers, however, increased sig-
nificantly with increase in soil moisture stress. It is suspected that 
manganese is concerned in nitrogen assimilation and the synthesis of 
proteins. The lack of manganese affects the production of dry matter and 
it apparently has a very important function in the assimilation of carbon. 
On this basis it is proposed that a disturbance in the nitrogen metabolism 
and poor photosynthetic activity of the plants grown under highest soil 
moisture stress (M70) diverted manganese to the tubers. 
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It is customary to regard fertilizers as nutritive substances, the 
addition of which to the soil, directly contributes to an increase in yield. 
The fact is that a much more complicated phenomenon is involved. As is 
well known only a part of the substances absorbed by the roots, chiefly 
nitrogen, phosphorus and sulfur should be regarded as substances going 
into the composition of most important constituents of the protoplasm, 
the protein substances. The main role and action of other minerals is in 
the regulation of the vital growth processes. Therefore, their influence on 
the accumulation of organic material by the plant is mostly indirect. 
It is obvious from these studies that the rate of fertilization led not 
only to an increase in the total amount of phosphorus, potassium, cal-
cium, magnesium, manganese and nitrogen taken up, but also to an 
increase in the total quantity of organic material produced most of which 
consisted of carbohydrates. These carbohydrates do not contain mineral 
elements or nitrogen. Therefore, it is important to search for an answer as 
to why almost all the mineral elements studied were taken up in greater 
amounts by the potato plants that produced the largest amount of dry 
matter due to different rates offertilization. 
The basic process involved in the formation of organic compounds 
from inorganic substances is photosynthesis. It might be assumed, there-
fore, that the'' mineral elements neessary for the nutrition of plants, 
especially potassium which is supposed to participate in the transfor-
mation of carbohydrates would affect photosynthesis. The interrelation 
between the mineral elements and the accumulation of organic substances 
is very complicated. Mineral substances participate actively in the 
formation of new masses of living protoplasm, especially elements such as 
potassium, magnesium and phosphorus which are always present in con-
siderable quantities in meristematic tissues. They contribute to the utiliza-
tion of the products of assimilation in the formation of new cells, thus 
leading to an increased growth and to the creation of new assimilating leaf 
surfaces. This same effect is produced by nitrogen. The increased leaf sur-
face should lead to a considerable increase in the accumulation of organic 
substance of the plant and thus to an increase in the yield. The action of 
mineral substances may thus be compared with action of hormones which 
control and increase growth. 
If the application of fertilizers increases the yield, the absorption of 
mineral elements should be accelerated due to increase in the rate of 
accumulation of organic substances. This has occurred in these studies. 
There was an increase in dry matter yield with fertilizer as compared to 
the no fertilizer treatment. 
From what has been said it may be inferred that there are two basic 
phenomena which influence the direction of movement of minerals within 
a plant. These are metabolic use and transpiration. The intensity of these 
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factors in any tissue will determine the net movement to the tissue. The 
metabolic use of an element establishes a gradient responsible for a 
continued flow. Transpiration delivers to xylem extremities dissolved 
material in proportion to the amount of water lost from the tissue 
depending upon the transpiring surface. It should be kept in mind, how-
ever, that the essential feature in plant-water relations is the internal water 
balance because this is what controls those physiological processes which 
in turn determine the quantity and quality of growth. This is why at the 
end of the second experiment no significant differences in the total dry 
matter production due to interaction of soil-moisture regimes and rates of 
fertilization were noted. It is suspected that during this period, the 
temperature and light in the greenhouse were reduced due to frequent 
cloudiness which in turn reduced the magnitude of water loss through 
transpiration. Even the plants under low soil moisture content did not 
develop much internal water stress. 
This close connection between the accumulation of organic and 
mineral substances explains why the increasing levels of fertilization and 
decreasing soil-moisture stress increased the total uptake of nutrients in 
the present studies irrespective of the trend in the percentage of nutrients 
in different parts of the potato plant. With the application of the highest 
rate of fertilization the total uptake of nutrients studied increased when 
the soil-moisture stress was the lowest. Thus it appears that the nutrient 
availability from the added fertilizer was highest for the potato crop when 
the soil water suction was low. This may be explained by the fact that as 
the thickness of moisture film on the soil particles decreases, the intensity 
with which the water is retained on the particles by surface tension 
increases. Buehrer and Rose (6) reported thaii the initial layer of water 
absorbed on clay particles is presumably held by a pressure of several 
thousand atmospheres (pF 6-7). The characteristics of water retained 
under high pressure differ from those of "free" water. There is found to 
be a tremendous drop in the dielectric constant and presumably a 
decrease in its solvent power because of the greater decreased polarity. 
This implies, therefore, that with diminishing thickness of moisture films, 
there is a corresponding decrease in the proportion of water in the film 
with normal solvent properties. Thus, the size of the soluble and 
exchangeable nutrient pools, transport to roots by diffusion and mass flow 
are greatest at low soil-moisture stress. Furthermore, under dry soil con-
ditions the availability of some elements is decreased. Drying of a soil 
tends to reduce the availability of phosphorus and potassium for plant 
growth. The potato plant growing in a fertile soil can, therefore, meet its 
need for nutrients when water conditions are favorable. In other words, 
when nutrient availability does not keep pace with increased crop yield 
brought about by keeping low-soil moisture stress throughout its growing 
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period, as by the provision of supplemental irrigation, the potential of the 
new environment will not be exploited. The only answer is to adjust 
nutrient availability by fertilization so that the yield of crop is almost 
equal to the potential of the climate with its new man-made soil-water 
regime. 
CONCLUSIONS 
Water does not appear to be equally available at those moisture 
stresses representing available water. 
In this study, the F1 fertilization rate produced the highest tuber 
yields at the end of 110 days at moisture levels M30 and MSO. Water 
seemed to play a more dominant role in potato growth than fertilizer. 
The percent of nitrogen in the tissues of potato plants was highest 
with M70 at the end of 110 days. 
Fertilizer and moisture failed in influencing the uptake of phos-
phorus to the extent they influenced uptake of nitrogen. 
At 110 days the concentration of potassium in the tops, roots, and 
tubers increased with soil water depletion and with higher rates of 
fertilization. 
The concentration of calcium, magnesium and manganese at 110 
days in the tubers, increased with increasing moisture stress and rates of 
fertilization. 
Total uptake of various nutrients was influenced by amount of plant 
material produced. 
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Table 13 
Effect of Soil-Moisture Regime on Concentration of Phosphorus on a Percent 
Oven Dry Weight Basis 





















'Within a column, figures followed by the same letters are not significantly different at 5o/o 
level. Duncan's multiple range test. 
Table 14 
Effect of Soil-Moisture Regimes on the Total Uptake of Phosphorus and Its Distribution in 
Different Parts of Potato Plants (mgms) 

























'Within a column, figures followed by the same letters are not significantly different at 5% 
level. Duncan's multiple range test. 
Table 15 
Effects of Rates of Fertilization on Concentration of Phosphorus on a Percent 
Oven Dry Weight Basis 
Treat- 35 days 75 days 
ment Tops Roots Tops Tubers 
F0 0.140b' 0.203c 0.283a 0.084a 
F, O.J63a 0.229b 0.257b 0.084a 
F, 0.142b 0.237a 0.288a 0.092a 
' Within a column, figures followed by the same letters are not significantly different at 5% 
level. Duncan's multiple range test. 
Table 16 
Effect of Rate of Fertilization on the Total Uptake of Phosphorus and Its Distribution in 
Different Parts of Potato Plants (mgms) 





























'Within a column, figures followed by the same letters are not significantly different at 5o/o 
level. Duncan's multiple range test. 
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Table 17 
Effect of Soil-Moisture Regime x Rates of Fertilization on Concentration of Phosphorus on 
a Percent Oven Dry Weight Basis 
Treat- 35 days 75 days 
ment Tops Roots Tops Tubers 
F.M,. 0.192ab' 0.223b 0.297a O.J02a 
F,M30 0.201a 0.242a 0.270bc 0.066b 
F,M,0 0.162cd 0.225b 0.277ab O.IOOa 
F0M50 0.13Sde 0.18&1 0.282ab 0.050c 
F,M, 0 0.171bc 0.220b 0.249d 0.083ab 
F,M,. O.I32e 0.241a 0.292a 0.079ab 
F0M,. 0.092f 0.197c 0.270bc 0.099a 
F,M,o 0.117ef 0.224b 0.252c 0.102a 
F2M7o 0.132e 0.245a 0.295a 0.098a 
' Within a column, figures followed by the same letters are not significantly different at 5o/o 
level. Duncan's multiple range test. 
Table 18 
Effect of Soil-Moisture Regimes x Rates of Fertilization on the Total Uptake of Phosphorus 
and Its Distribution in Different Parts of Potato Plants (mgms) 
Treat- 35 days 75 days 
ment Tops Roots Total Tops Tubers Total 
FoM,o 8.2bc' 6.4a 15.0b 23.0d 11.8a 34.& 
F,M,. 17.1a lO.Oa 27.2a 46.0b 8.5ab 55.0a 
F,M,o 18.5a 9.4a 28.0a 52.0ab 11.8a 65.0a 
FoMso 4.&d 12.0a 16.8b 15.0e 6.5b 21.6d 
F,M,o IO.Ob 20.0a 30.0a 35.0c 8.4ab 43.4b 
F,M,. 9.7bc 19.0a 28.7a 53.0a 7.2ab 60.2a 
FoM,o 2.2d 5.0a 7.2d 15.0e IO.Oab 25.0d 
F,M,o 5.2bd 9.1a 14.lc 3l.Oc 9.5ab 41.0b 
F2M,0 8.0bc 9.9a 18.0b 48.0ab 5.0b 53.0a 
• Within a column, figures followed by the same letters are not significantly different at 5o/o 
level. Duncan's multiple range test. 
Table 19 
Effect of Soil Moisture Regimes on Concentration of Potassium on a Percent 
Oven Dry Weight Basis 
Treat- 35 days 75 days 110 days 
ments Tops Roots Tops Roots Tubers Tops Roots Tubers 
M,0 5.52b' 2.67b 7.98a 4.18c 3.24a 4.85c 0.94b 2.69c 
M50 5.6lb 3.54a 8.10a 4.59b 3.10b 6.43b 1.09b 3.01b 
M,0 6.06a 3.46a 4.50b 5.4la 2.89c 7.20a 1.65a 3.2la 
• Within a column, figures followed by the same letters are not significantly different at 5o/o 
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LSA ExPERIMENT SrATION BUU..ETIN 753 
Table39 
Effect of Rates of Fertilizer on Concentration of Manganese in PPM Oven 
Dry Weight Basis 
Treat- 35 days 75 days 110 days 
39 
ment Tops Roots Tops Roots Tubers Tops Roots Tubers 
Fo 928c1 149.Sc 113.8c 124.7c 7.lb 92.3c 101.4c 6.7c 
F1 265.4b 327.3b 360.4b 314.2b 8.3b 595.7b 501.9b 12.2b 
F, 404. 7a 425.0a 480.4a 405. 7a 18.2a 944.2a 705.2a 31. 7a 
1 Within a column, figures followed by the same letter are not significantly different at the 
5"7olevel. Duncan 's multiple range test. 
Table40 
Effect of Soil-Moisture Regimes x Rates of Fertilization on Concentration of Manganese 
in PPM Oven Dry Weight Basis 
Treat- 35days 75days llOdays 
ment Tops Roots Tops Roots Tubers Tops Roots Tubers 
FoMJo 100.0d1 148.5f llO.Oc 101.4e 5.3c 97.1d 91.4<1 5.3e 
F1M>o 275.0c 300.0e 347.1b 335.7b 8.5bc 587.lc 617.lb 8.9de 
F,M.o 435.7a 42S.Ob 498.5a 455.7a 17.5a 871.4b 740.0a 15.7c 
F0 M,0 78.Sd fso.or 118.Sc llO.Od 8.9bc 88.Sd 84.2d 7.5e 
F1Mso 260.7c 382.1d 371.4b 332.8b IO.Ob 595.7c 432.8c 12.Scd 
F, M, 0 382.lb 4SO.Oa 481.4a 417.1a 18.2a 928.5ab 802.8a 35.7b 
F0 M,0 IOO.Od ISO.Of 112.8c 162.8d 7.lbc 91.4<1 128.Sd 7.5e 
F1M,0 260.7c 300.0e 362.8b 274.2c 6.4bc 604.2c 455.7c 15.3c 
F,M,. 396.4b 400.0c 461.4a 344.2b 18.9a 1032.8a 572.8b 43.9a 
1 Within a column, figures followed by the same letters are not significantly different at the 













































































































































































































































































































































































































































































































































































































































































































































































































































































 ~ "" m "' ~ ~ ~ '-i 0 z o::l F !!l z -..1 VI v.> 
